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Abstract
This paper presents a hysteresis model for electromagnetic sensors and actuators, which are composed of ferro-
magnetic materials. The model is based on the Preisach operator, which is capable to fully describe major as well as
minor hysteresis loops. To obtain the appropriate measured data for ﬁtting the Preisach operator, we have developed
an Epstein setup according to IEC 60404-2. This work also describes the use of the Lorentzian function as a possi-
ble candidate for the accurate approximation of the Preisach density function in the modeling of scalar hysteresis for
nonoriented grain steels. In particular, we discuss here the identiﬁcation procedure of the Preisach weighting functions
from measured data.
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1. Introduction
Accurate modeling and simulation of hysteresis phenomena in magnetic components is important because mag-
netic components have now become almost indispensable parts in many power electronics systems. Magnetic cores
are often excited with non-sinusoidal waveforms and at a wide range of frequencies. It would be useful and practi-
cal to engineers, if a simple computational method can be developed to accurately model the hysteresis eﬀects. The
modeling method must be simple and easy to implement and should be based on data supplied from manufacturers
and/or obtained from simple measurements. Hysteresis is a memory eﬀect that is characterized by a lag behind in
time of some output in dependence of the input history. Especially ferromagnetic materials exhibit a strong hysteretic
behavior, which has to be considered for precise simulations. We use the Preisach operator, which can describe ferro-
magnetic material behavior in a wide range. For the practical application, two main challenges have to be solved. First
of all, one needs appropriate measurements, with which the model parameters of the hysteresis operator - in our case
the Preisach weight function - can be ﬁtted. Here, we have constructed an Epstein setup according to IEC 60404-2,
which provides us with the necessary ﬁrst-order reversal curves. Therewith, we obtain the magnetic ﬁeld intensity
H(t) and magnetic induction B(t), which are the input and output of the hysteresis operator, respectively. By solving a
linear least squares problem, we obtain the discrete Preisach weights. Furthermore, we apply an analytical function to
describe the Preisach weight and optimize its parameters to ﬁt the measured data. We will compare both approaches
and will discuss their advantages and disadvantages.
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2. Preisach Model and Identiﬁcation
In the following section, we will deﬁne the Preisach operator, and discuss its properties. Let’s consider the nonideal
relay operator γαβ which is characterised by its threshold values α < β. Its output γαβ can take the values 0 or 1 where
α is the ’ON switch’ and β the ’OFF switch’ of the operator. The main assumption made in the Preisach model is
that the system can be thought of a parallel summation of a continuum of such weighted non ideal relays γαβ. Such a
summation can be uniquely represented as a collection of nonideal relays as points on the two-dimensional half-plane
S = {(α, β) ∈ R2|α ≥ β} (see Fig.1). The output of the Preisach model then computes as:
H(t) = Hs
∫∫
S
℘(α, β)γαβ[e(tk)]dαdβ, (1)
where Hs is the maximum ﬁeld strength at saturation. The Preisach model works only between +1 and −1, so the
ﬁeld strength Hs is a scaling factor of the original values. Also the input value is normalized by e(t) = E(t)/Es. Both,
Hs and Es are from real measurements.
The actual task discussed in this article is the deﬁnition of the weight function ℘(α, β). It has been mentioned,
that this weight function deﬁnes the shape of the hysteresis curve and, therefore, has to be adapted to measured data.
In principle, there are two diﬀerent methods. One possibility is to discretize the Preisach plane, which results in a
ﬁnite number of weights ℘(α, β) that have to be identiﬁed. The advantage of this approach is that there exist distinct
mathematical regulations for the identiﬁcation of the weights, as described in [1]. As the number of independent
parameters for a discretization M is M(M + 1)/2, the question arises, if the number of parameters for practical dis-
cretization M > 30 is not too high. The approach which is discussed here, suggests an analytical function ℘A with a
small number of parameters to express the continuous weight function ℘(α, β). In the literature, a so called Lorentzian
function with four parameters can be found [3].
Now, the identiﬁcation problem is to determine the Preisach weights ℘(α, β). We start with our ﬁrst approach,
which uses discrete Preisach weights. It has been shown that this task can be solved by a family of symmetric minor
loops (see [1]).
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Figure 1: Parameter identiﬁcation procedure ℘(α, β) with (M=9) supporting points. The gray points in the Preisach plane (on the left side) are
already identiﬁed.
The ﬁrst step is to discretize the Preisach plane into M supporting points. The supporting points are also re-
sponsible for the dimension of the weight matrix. The amount of discretization points in the Preisach plane is
n℘ = 12 M(M + 1). Figure 1 demonstrates the identiﬁcation procedure.
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More discretization points means more of the symmetric minor loops to identify all of the reversal points α1 to
αM and β1 to βM . Now, the discrete Preisach operator reads as
H =
∑
λ∈Λ
aλHλ (2)
withHλ the simple relay operator having switching levels (α, β). The amount of Λ consists of the index pairs (i, j)
to characterize all switching thresholds αi, β j in the Preisach plane. By solving the least squares problem
min
n>∑
k=1
(∑
λ∈Λ
aλHλ[ek] − Bk
)2
(3)
with n> the number of measurement points, we obtain the discrete Preisach weights[1]. As already mentioned before,
a second method to express the weights ℘(αβ) is an analytical function with a small number of parameters. We
apply a Lorentzian weight function with four parameters A, h, A1 and A2. This analytical weight function can be
further improved with help of an additional parameter η, which forms the corners of the hysteresis loop and makes the
function suitable for a wide range of harder and softer magnetic materials [4]. Therewith, we arrive at the following
analytical expression:
℘DAT (α, β) =
A
1 + (((α + β)σ1)2 + ((α − β − h(tk))σ2)2)η (4)
The parameters are obtained by applying the least-square curve ﬁtting Method with the Optimization Toolbox in
Matlab.
3. Epstein Apparatus
The ’25cm’ Epstein apparatus consists of 4 coils with primary windings, secondary windings and the material
sample as core, which should be analyzed. The sheets are stratiﬁed in stripes. The measurement setup represents in
this way a transducer, whose characteristics are speciﬁed. The primary outer windings (N1) are used to magnetize the
material and the secondary inner windings (N2) are needed for magnetic ﬂux density determination over the induced
voltage U2. As the magnetic quantities are not measurable directly, the physical correct conversion into electric
quantities must be guaranteed through the transducer principle in alternating electric ﬁelds. The steel sheet specimens
are part of the transducer. For further details about these measurement setups please refer to the literature [5].
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Figure 2: Epstein setup for measurements of outer and inner hysteresis loops of magnetic materials
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4. Results
In order to demonstrate our model, we show some experimental validation of our simulation model compared to
measured data. Figure 3 shows a set of four measured symmetric hysteresis loops (solid line) together with simulations
using the Preisach model once with discrete weights (dashed) and once with Lorentzian weigth function (dashdot).
The material under test is a soft magnetic steel. It can clearly be seen that the material exhibits signiﬁcant hysteresis
for H-ﬁelds in the range of N =400A/m.
Figure 3: Four symmetric hysteresis loops
5. Conclusion
As displayed in Fig. 3, we obtain quite good ﬁtting results for both approaches. Although the Preisach operator
with discrete weights needs more computational costs, it is superior with respect to accuracy compared to the Preisach
operator with Lorentzian weight function.
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